Periodontal disease is of inflammatory origin and affects the dental support tissues. The initial phase is characterized by the accumulation of biofilm, which is a predisposing factor for several oral pathologies. The combination of extrinsic factors such as lack of hygiene, smoking and diet, and intrinsic factors such as genetics, and major changes in the immune response associated with immune escape mechanisms of biofilm constituents are crucial to the development and progression of the disease, which when untreated entails local irreversible consequences that can lead to systemic changes. In this brief review, we describe general aspects of periodontal disease, its risk factors and ways of preventing the disease. In particular, we discuss some of the mechanisms of immune response to periodontal pathogens, as well as the escape mechanisms of these microorganisms.
Introduction
Periodontal disease is the most common oral condition of human population. In general, it affects about 20% to 50% of the population worldwide, with prevalence in men, especially those who live below the poverty line and are smokers [1] [2] .
It is characterized by a chronical inflammation that can lead to the loss of the supportive tissues of affected teeth, considering the proteolytic activity of the infecting microbes and the cascade reaction of the immune system [3] .
The presence of inflammatory response alters the normal microbiota and the pathogenic microbes cohabiting within the sub-gingival biofilm will contribute to increase inflammation. Studies demonstrated that local and systemic factors of the host could have an influence on disease progression. The actual alteration of local or systemic immunological response may exert influence on the diverse clinical forms of disease.
Thus, patients with periodontitis will generate specific antibodies against bacteria that are within the biofilm. Although the role of these antibodies is not yet fully explained, they characterize adaptive humoral immune response in periodontitis. The production of these antibodies is mediated by the help of T lymphocytes, which are fundamental for adaptive immunity.
Considering the major histocompatibility complex, the recognition of peptide antigen by the T cell receptor may result in activation of these cells. T cell activation and differentiation may take various forms as Th1, Th2, Th17 and the more recently characterized, Th9 and Th22 subtypes. It is believed that T cells are involved on the homeostasis of periodontal tissues and modulation of inflammatory response [4] [5] [6] . Failures that may occur in immune response against disease establishment are due to evasive mechanisms that may be exerted by pathogenic bacteria present in the sub-gingival biofilm.
Risk Factors Associated to Periodontal Disease
Periodontal disease affects the supportive tissues of the teeth, the gingiva, periodontal ligament, cementum and alveolar bone. These changes usually occur due to persistent infection and inflammation in response to the presence of pathogens such as Porphyromonas gingivalis, Prevotella intermedia and Fusobacterium nucleatum [7] . Studies have shown that these microorganisms may be involved in the pathogenesis of a number of systemic diseases [8] [9] . The oral cavity harbors a large number of bacteria. Using molecular biology, it is now possible to accurately and rapidly identify more than 700 bacterial species that make up the oral microbiota [10] . Studies show that there is a significant variation in the microbiota according to different sites of the oral cavity. This variation can be influenced by oral diseases such as caries, infections of the dental pulp, mucositis, and periodontitis [10] [11] .
The host's immune response, in addition to environmental, behavioral and genetic factors, all contribute to the risk of developing periodontal disease [12] .
The presence of periodontal pathogens is necessary, but not sufficient to induce periodontitis. In the normal physiological state, where there are no risk factors, the host responds adequately trying to refrain bacterial infection. However, factors such as smoking and diabetes, for instance, in addition to the immune-system evasion capacity, given by the pathogens within sub-gingival bio- Gingivitis and periodontitis are the most common forms of periodontal disease. Gingivitis is an inflammation of the gingiva without loss of alveolar bone. It is induced by the plaque biofilm and can be reverted by hygiene control. Gingivitis can lead to periodontitis, which is an inflammatory condition that will turn into loss of dental supportive tissues. It is characterized by progressive and irre- [30] .
The use of certain medications and stress similarly favor periodontal disease.
Vulnerability to infections and periodontal diseases intensifies when the salivary flow is reduced due to certain medications [31] . The most common medications that can reduce the salivary flux and produce a dry mouth state include tricyclic antidepressants, atropine, antihistamine and beta-blockers [32] . Reduction of salivary flow may also occur because of stress [21] . Rai et al. observed a positive association between the stress score and salivary stress markers, such as cortisol [33] . The depressed individuals showed higher concentrations of cortisol in the gingival fluid, responding in an inadequate way to the treatment for periodontal disease. Academic stress also results in inadequate oral hygiene and consequent gingiva inflammation mediated by interleukin-1β [21] . Another cause of mouth dryness is associated with chemotherapy and radiotherapy of the head and neck in patients with neoplasias. For instance, children in chemotherapy for leukemia treatment [34] . The severity of these treatments induce xerostomia and the problems associated to low salivary flux [35] .
In addition to the risk factors discussed above, those considered as non-modifiable risks are age and hereditary factors, which also contribute to periodontal disease ( Figure 3 ). With regard to age, the risk increases, explaining the high prevalence of periodontal disease that is observed in the aged population. 
Innate and Adaptive Immune Response to Oral Bacteria and the Immune Evasive Characteristics of Periodontal Pathogens
In periodontal disease, microorganisms that are present at the sub-gingival bio- Phagocytes act in the capture of periodontopathic biofilm bacteria and produce pro-inflammatory cytokines that perpetuate inflammation, as well as regulate the amplitude and duration of the immune response [37] . Especially in phagocytes, the secretion of cytokines is dependent on the activation of nuclear factor NFkB after recognition of PAMPs as LPS via the TLR pathway [43] . After this type of microbial recognition, innate response pro-inflammatory cytokines that are produced in periodontal disease are, TNF-α, IL-1β and IL-6 [44] . TNF-α regulates IL-1 and IL-6 production and is also correlated with extracellular matrix degradation and bone re-sorption through actions that promote RANKL se- [50] . Th1 is an important standard in the response against intracellular microorganisms and is responsible for inducing cell-mediated inflammation. By means of IFN-γ, which has a pro-inflammatory action, it leads to increased expression of toll-like receptors (TLRs), promotion of MHC class I and II antigen presentation, induction of chemokine secretion, phagocytosis, activation of CD8 + T cells and free radicals that act against pathogenic microorganisms and tumor cells [50] . Human and experimental data suggest that cytokine IFN-γ is present at high levels in periodontal lesions and may contribute to the onset and progression of periodontitis by distinct mechanisms [51] . In addition, as shown in Figure 4 , it has been suggested that periodontal lesions were associated with an infiltration of Th1 cells [52] . In general, T cells appear to play an important immune-regulatory role in periodontal disease. In a study conducted in 1985 by Yoshie et al., it was demonstrated that in athymic rats, therefore with absence of CD4 + and TCD8 + cells, the progression of periodontal disease was exacerbated. However, the immunological reconstitution with TCD4 + and TCD8 + thymic cells led to a reduction of the alveolar bone destruction, which is associated with periodontal disease. These results led to the conclusion that T lymphocytes may present important immune-regulatory functions [53] . T cell subsets are also important in the behavior of B cells. For example, Th1 cells stimulate the secretion of immunoglobulin G2 (IgG2), whereas Th2 cells increase the secretion of IgG1. In this way, both subtypes stimulate the humoral immune response. Some studies have shown that periodontal pathogens stimulate antibody production by B cells, most likely by T cells [54] .
Two other well-defined subsets of T cells are Th17 and T regulatory (Tregs), with effector and suppressor roles respectively [55] [56] . Th17 is characterized by the unique production of IL-17 and IL-22. Th17 lymphocytes, as well as the Th1 subset, play a role in stimulating osteoclastogenesis [57] . Literature data demonstrate that Th17 cells are present in regions of inflammation that characterize periodontitis, and Th17 cytokines such as IL-17 were found in periodontal lesions (Figure 4 ) [58] .
In vitro, antigens present on the outer membrane of P. gingivalis induce the production of IL-17 [59] . Furthermore, biopsy specimens of periodontal lesions from patients with chronic periodontitis, showed an increase in IL-17 mRNA [58] . IL-17, as well as the Th1-responsive IFN-α can stimulate RANKL expression in periodontal osteoblasts. The binding of RANKL to the osteoclast RANK receptor promotes the decrease of alveolar bone (Figure 4 ). The stimulation of RANKL expression is associated with several bone pathologies such as rheumatoid arthritis, bone tumors, osteoporosis, odontogenic lesions and periodontitis [60] .
Treg cells secrete TGF-β and IL-10 and, therefore, are necessary for the regulation of inflammatory responses [61] . They play a critical role in tolerogenic responses and suppression of inflammatory responses against auto-antigens. Regulatory T cells are CD4 + and CD25 + T cells and express the FOXP-3 transcription factor, which directs their functions. They are classified into natural (Treg) and adaptive (Tr1, Th3) cells, with Treg being specialized in protection against auto-antigens and exacerbated inflammatory processes [62] . It has been observed that they can be found in sites of periodontal disease, exerting a pro- 
Biofilm and Evasion Mechanisms against Immune Cells in Periodontal Disease
It was estimated that over 700 species of bacteria can colonize specific sites in the [67] . In addition, there are reports on the literature showing that bacteria present in the biofilm are more resistant to phagocytic activity of neutrophils and that their replication capacity is higher in this environment [68] .
Thus, the oral microbiome exists essentially within biofilms along with the various niches in the oral cavity. These complexes form ecosystems that directly contribute to maintain health when the system is in balance. However, specific ecological changes in this the commensal microbiome allows the overcome of pathogens, allowing their pathogenic potential to cause disease. The oral microbial ecology is influenced by numerous characteristics, including temperature, pH, atmosphere, endogenous nutrients and a variety of surfaces for the establishment of biofilms [69] .
Bacterial adherence to mucosal and tooth surfaces, as well as bacterial co-aggregation, are essential steps for colonization of various oral bacterial species. In the case of P. gingivalis, for example, the development of major fimbriae are critical determinants for each of these processes, which are the key adhesive determinants on the cell surface of this pathogen. Fimbriae from P. gingivalis attach to a variety of host components, including epitelial cells, fibroblasts, human salivary macromolecules and, within experimental systems, it has been shown that these are critical for successful colonization [70] . With regard to co-aggregation, it was identified that gingipains are components induced by P. gingivalis that significantly alter the co-aggregation of Actinobacillus actinomycetemcomitans, influencing biofilms that are formed by this oral pathogen [71] .
These types of findings indicate that the multiple surface components of these oral bacteria act in a cooperative manner to enable specific co-aggregation and with specific properties that allow the formation of complex biofilm structures.
As a characteristic, the bacteria present in the biofilm have immune system evasion mechanisms. P. gingivalis is a proteolytic microbe and thus produces proteases that are capable to degraded IL-8 and MCP-1, which are produced by endothelial cells and are important to maintain periodontal health [72] . They are also able to block the production of immunoglobulins and to attack and degrade complement components such as C3a and C3b. C3b is a complement system protein that is important for the opsonization of microorganisms, as it facilitates their phagocytosis. It is also an important component of the C5 convertase, an enzymatic complex essential for the synthesis of the C5a component. C5a and
C3a are known as anaphylatoxins and they thrive on the phagocytic chemotaxis, since these cells have receptors for C5a and C3a. Therefore, the proteolytic capacity of the evasive microbes, which act on the breakdown of the C3b protein, will block opsonization, thus reducing phagocytosis. Thus, the destruction of [73] . Some bacteria will also use surface molecules to escape the action of the complement system, as in the case of HRgpA gingipain from P. gingivalis [74] .
Additional microbes are present in the biofilm, which strategically have the ability to prevent immune response. An example is that of P. intermedia, which produces nucleases capable of degrading neutrophil extracellular traps (NETs), therefore limiting the neutrophil-protective functions [75] . The targets of the evasive mechanism of periodontopathic bacteria are summarized in Figure 5 .
Prevention of Periodontal Disease
The World Health Organization recommends employing integrated public health measures with preventive strategies that should be based on common risk and multifactorial approaches. Risk factors such as smoking, stress and low socioeconomic status are associated with periodontal disease as well as other chronic systemic diseases. Therefore, inclusion of strategies to prevent oral diseases and chronic systemic diseases can reduce the level of periodontal disease in the population [69] . Good oral hygiene practices such as regular tooth brushing and flossing are effective in preventing periodontitis. However, despite the great significance of dental brushing, about half of the population brush only twice a day [70] . The use of fluoride, chlorhexidine, triclosan, essential oils and zinc in toothpastes, mouthwashes and gels associated with brushing all contribute to prevent disease development [71] [72] . He et al. conducted a double-blind randomized trial to investigate the antimicrobial role of fluoride dentifrice in periodontal disease and found a significant reduction in gingival bleeding over a period of 2 months [73] .
Diet is also an important factor for disease prevention [74] . Nishida et al. used a sample of 12,419 adults and showed that there was an increased risk of periodontal disease due to poor dietary intake of vitamin C. The authors also observed a dose-response relationship between vitamin C and disease severity [75] . Vitamin C has antioxidant properties that help to reduce the production of reactive oxygen radicals formed during the inflammatory process [74] . Furthermore, a diet that is rich in fruits, vegetables and low fat and sugars contributes to maintain a healthy periodontal tissue, and low calorie intake reduce inflammatory changes, lowering the chances of tissue damage in periodontal disease [75] .
Treatment and Future Perspectives
Although the non-surgical and surgical periodontal treatments have been used for many years, they still remain the basis of periodontal therapy. Novel technological approaches have increased the options for therapies, including novel periodontal instrumentation. However, it is now recognized that non-surgical and surgical periodontal therapy must be based on the control of bacterial biofilm [76] .
The development of ultrasonic and sonic instruments with thin-tipped models has contributed to reduce damages due to the use of instruments, considering the improvements in accessibility, which cause less damage to the root surface [77] . In parallel, some studies have demonstrated that similarly clinical and microbiological results can be obtained using manual instrumentation in comparison with treatments that use sonic and ultrasonic instruments [78] .
The use of antiseptics such as povidone-iodine and chlorhexidine gluconate to irrigate the periodontal pocket has also been tested. These chemicals are used in non-surgical periodontal treatment after mechanical instrumentation, in order to suppress dental biofilm. Studies have shown a reduction in periodontal pathogens and depth of probing when compared to scaling and root planing alone [79] . However, the effec of antiseptics is only transient and of short-term as the gingival crevicular fluid is replaced within the pocket at short intervals (every 90 seconds) [76] .
Similarly, the release of antimicrobial agents into the periodontal pocket has been investigated after scaling and root straightening by using slow release systems. Several antimicrobials and various drug delivery systems have been tested in order to maintain high antimicrobial levels in the crevicular fluid and, on the other hand, which have minimal systemic absorption. The most commonly tested antimicrobials were tetracycline, minocycline, metronidazole and chlorhexidine. The results showed modest and short-term improvement in depth of probing reduction, when compared to scaling and root planing alone [80] .
On the other hand, the use of systemic antimicrobial adjunctive treatment to non-surgical periodontal therapy has shown benefits for patients with aggressive periodontitis and advanced periodontitis, including those with the presence of deep periodontal pockets, thus reducing the need for additional therapy. The combination of amoxicillin 500 mg and metronidazole 400 mg for 7 to 14 days is the best-documented antimicrobial regimen [76] .
Despite the benefits of the use of systemic antimicrobials, the risk of adverse More recently, the advent of antimicrobial photodynamic therapy (PDT) has also made substantial contributions. PDT involves the use of low-power lasers of appropriate wavelength to reduce microorganisms by a light-activated photosensitizer. This therapy can be used alone or in conjunction with root scaling and straightening [76] . Adjunctive PDT used with root scaling and straightening has shown short-term benefits, while microbiological results are contradictory [82] . Long-term randomized controlled trials, supported by the presentation of clinical and microbiological data, besides a detailed cost and benefit analysis, are required to support the efficacy of this therapy [76] . Finally, the use of stem cells for periodontal regeneration and the applications of antibody therapies may be promising alternatives in the treatment of periodontal disease [83] .
Conclusions
Periodontal disease is an immune-inflammatory condition caused by a polymicrobial structure, described as the dental biofilm. Several risk factors such as smoking, poor oral hygiene, diabetes, medication, age, hereditary origins, and stress are related to periodontal diseases. In addition to them are the numerous bacterial species formed in the dental biofilm, and the specific pathogen that is responsible for the initiation or progression of the disease cannot be distin- 
